Introduction
============

Quebec (Canada) routine vaccination schedule for children and teens includes vaccines protecting against diphtheria, tetanus, whooping cough, measles, mumps, rubella, chicken pox, poliomyelitis, hepatitis B, flu (in autumn), and infections from Hib, pneumococcus, rotavirus, meningococcus C, and human papillomavirus (for girls). Vaccines are provided at no cost and more than 75% of vaccinated children aged 0-4 years are vaccinated by public health nurses in community health services clinics.[@ref1] Older children are vaccinated through school-based programs that are also under the responsibility of public community health services clinics. Vaccination is not mandatory in Quebec. The results of the 2014 population-based childhood vaccine coverage survey showed that 80% of one-year-old children and 71% of two-years-old children had received all doses of recommended vaccines.[@ref1] In 2013, 78% of girls in Grade 4 received the 2 recommended doses of the HPV vaccine[@ref2] and 86% of boys and girls in Grade 4 received the 2 recommended doses of the hepatitis B vaccine.[@ref3] Although these vaccine uptake rates are high, the objective to vaccinate 95% of children is still not reached. Studies in Quebec have highlighted that, despite publicly funded vaccination programs, access to vaccination services was sometimes problematic and important delays were observed in obtaining appointments for childhood vaccination.[@ref4] ^,^ [@ref5] ^,^ [@ref6] Results of other studies have shown that parental vaccine hesitancy also has a negative impact on vaccine uptake rates.[@ref1] ^,^ [@ref7] ^,^ [@ref8]

The WHO Strategic Advisory Group of Experts (SAGE) Working Group on Vaccine Hesitancy defined vaccine hesitancy as "delay in acceptance or refusal of vaccines despite availability of vaccine services."[@ref9] According to this group, the scope of vaccine hesitancy includes instances where "vaccine acceptance in a specific setting is lower than would be expected, given the availability of vaccination services."[@ref9] A vaccine-hesitant person can delay, be reluctant (but still accept), or refuse one, some or all vaccines.[@ref10]

Although increasingly used, the term vaccine hesitancy has been criticized as being an "ambiguous notion with an uncertain theoretical background".[@ref11] The fact that vaccine hesitancy encompasses a heterogeneous group of individuals with diverse attitudes and behaviors makes the operationalization of this concept challenging.[@ref10] Although survey instruments have been developed and validated in the US[@ref12] ^,^ [@ref13], these tools might not be adapted in other contexts.[@ref14] This study aims to contribute to the ongoing reflections on tools and indicators of vaccine hesitancy by providing results of a survey on knowledge, attitudes and beliefs (KAB) of parents in Quebec (Canada). We have compared KAB of parents according to: 1) self-reported vaccination status of their child and 2) hesitation during the vaccination decision.

Methods
=======

Data were collected through the 2014 Quebec study on vaccination against seasonal influenza and pneumococcal infections, a biennial repeated cross-sectional study in the province of Quebec, Canada. This paper presents the results pertaining to parents' KAB about vaccination; the full report can be found elsewhere.[@ref15]

Data were collected through a computer-assisted telephone interview survey conducted between March 18 and April 28 2014. Stratified random digit dialing (RDD) was used to select a geographically representative sample of the general population, including parents or caregivers of children aged between 2 months and 17 years of age. Households and respondents were both selected randomly. Parents with more than one child aged between 2 months and 17 years of age were asked to answer the questions for their youngest child. The interviewers asked the first name (or nickname) of that child, which was inserted in the question (e.g. it is important that you have *Juliet* vaccinated to protect her against diseases). Prior to each interview, verbal informed consent was obtained from the participant and interviews lasted in average 12.5 minutes. The study protocol was approved by the Research Ethics Board of the Research Center of the CHU de Québec - Université Laval. Polling firm has rigorous policies for ensuring data confidentiality and the research team received a de-identified database. Data were aggregated for analysis, and results are presented in order to be unable to identify individual responses.

Parents were asked 13 questions to measure their KAB about vaccination using a 5-point scale ranging from "Strongly agree" to "Strongly disagree", and including "I do not know." Self-reported vaccination status of the child was assessed for all participants using the question: With the exception of the common flu and H1N1 vaccines, since birth, has \<*NAME*\> had...? Following answers were proposed by the interviewer: 1- all the vaccines recommended in the regular Quebec vaccination program; 2- some vaccines only; 3- no vaccines. Children were considered up-to-date (UTD) when parents answered 1 and they were considered non-UTD when parents answered 2 or 3. Respondents who did not answer this question or who answered "I don't know," were excluded from the analyses. To assess vaccine hesitancy, parents were asked "Have you ever hesitated to have \<*NAME*\> vaccinated?" with the possibility to answer "Yes", "No", "I do not know". Parents who answered "Yes" to that question were considered as being vaccine-hesitant, while others were not. All vaccine-hesitant parents were questioned about the main reason why they have hesitated (open-ended question) and what decision they have finally made regarding their child's vaccination (four choices were possible: 1-the child has received all vaccines when due; 2- some vaccines were delayed, but the child finally has received all vaccines; 3- some vaccines were refused, but the child received some others; and 4- the child did not receive any vaccines). Vaccine-hesitant parents who accepted to give vaccines to their child (choices 1-2-3) were then asked about the main reasons for having finally accepted some or all vaccines.

The development of the survey questionnaire was informed by a literature review and expert consultations. The questionnaire was pilot tested by telephone with 10 participants to ensure clarity and appropriateness of the survey questions. Minor adjustments were made.

Expansion weights were assigned in order to ensure that the results were representative of the target population by adjusting for disproportionate sampling and non-response bias. Weighting was applied to each respondent in the sample based on socio-demographic characteristics drawn from the answers of respondents who agreed to participate but who were not eligible because of quotas already attained as well as from census data. Comparison of the answers to the KAB questions between parents of UTD or non-UTD children and between vaccine-hesitant and non-vaccine-hesitant parents were performed using Rao-Scott's Chi-square test. To investigate which items predicted non-UTD vaccine status and parents' vaccine hesitancy, multivariate analyses by weighted logistic regression were run while adjusting for parents' sociodemographic characteristics (number of people in the household, education level, age and sex of the respondent). All 13 KAB items were included in the analyses. For each KAB item, answers have been dichotomized ("Strongly agree and "Somewhat agree" vs. "Strongly disagree" and "Somewhat disagree"), with the "I don't know" answers systematically regrouped with the reference category. Items were sequentially tested and retained when their p-value was \<0.05. All statistical analyses were performed using SAS statistical software version 9.3.

Results
=======

The overall response rate for the 2014 Quebec study on vaccination against seasonal influenza and pneumococcal infections was 35%. A total of 601 parents were interviewed, of these, 12 were excluded because the child's immunization status was missing, leaving 589 parents for analysis. Respondents' characteristics are shown in [Table 1](#table1){ref-type="table"}.

Table 1. Sociodemographic characteristics of the respondents^a^ 3 missing answers; ^b^ 2 missing answers.CharacteristicsnWeighted %Respondents\' sexMale20649.2Female38350.8Respondents\' age18-34 yrs17639.435-44 yrs25042.845-49 yrs9212.650 yrs and over715.2Children\'s age^a^0-4 yrs19540.25-17 yrs36159.8Number of people in the household1-445472.05 and more13528.0Respondent\'s highest level of education^b^High scholl or less15944.0College19822.4University23033.6Self-reported status of the childUp-to-date (UTD)47880.4Non-UTD11119.6

A total of 478 (80.4%, \[95% CI: 72.5--88.4\]) children were declared to be UTD ([Table 1](#table1){ref-type="table"}). Overall, 218 parents (40.2%; \[95% CI: 30.7--49.6\]) said that they have hesitated to have their child vaccinated and most of them hesitated for some vaccines only (n=192). Fifty-eight percent (58.2%, \[95% CI: 42.9--73.5%\]) of children of vaccine-hesitant parents were UTD compared to 95.3% \[95% CI: 91.2--99.4%\] of children of non-vaccine-hesitant parents (p \< 0.0001). Vaccines most frequently reported by vaccine-hesitant parents were: the influenza vaccine (n=99), the varicella vaccine (n=35), the HVP vaccine (n=28), and the rotavirus vaccine (n=20) (data not shown in Table).

Parents' beliefs about vaccination according the vaccination status of the child and presence of vaccine hesitancy are reported in [Table 2](#table2){ref-type="table"}. In univariate analysis, many statistically significant differences were found between KAB of parents of UTD and non-UTD children. Parents of UTD children were significantly more likely than parents of non-UTD children to trust the information they receive on vaccination (p=0.023). In addition, more parents of UTD children considered that it is important that they have their child vaccinated both to prevent him/her against diseases (p=0.0111) and to prevent the spread of diseases in the community (p=0.006) when compared to parents of a non-UTD child. Parents of non-UTD children were significantly more likely to consider that children are receiving too many vaccines (p=0.0242), to believe that vaccines could weaken the immune system (p=0.0334) and to report feeling pressure to have their child vaccinated (p=0.0105). There were no differences between parents of UTD and non-UTD children for other questions: over 80% of parents considered that vaccines can prevent diseases and almost all parents were comfortable asking questions to doctors or nurses in regard to vaccination and 77% considered that diseases prevented by vaccines are serious. About one third indicated being fearful about vaccines. The same differences found between KAB of parents of UTD and non-UTD children were also found for vaccine-hesitant and non-vaccine-hesitant parents. Moreover, vaccine-hesitant parents were significantly more likely than non-vaccine-hesitant parents to report being fearful about vaccines (p=0.0111).

Table 2. Participants\' beliefs regarding vaccination, according parental self-report of the vaccination status of the child and vaccine hesitancy (%)^£^ Strongly agree and Somewhat agree; ^†^ Parental self-report of the vaccination status of the child, UTD = all vaccines, Non-UTD = only some vaccines/no vaccines; ^¥^Parental vaccine hesitancy level (Have you ever hesitated to have \<*NAME*\> vaccinated?), VH Parents = yes, Non-VH Parents = no; ^\*^ p\<0.05; ^\*\*^ p\<0.01.Survey itemsVaccination status of the childParents\' vaccine hesitancyTotal in Agreement^£^% \[95% CI\]Total in Agreement^£^UTD % \[95% CI\]Total in Agreement^£^Non-UTD^†^ % \[95% CI\]Total in Agreement^£^VH Parents % \[95% CI\]Total in Agreement^£^Non-VH Parents^¥^ % \[95% CI\]You trust the vaccination information that you receive.83.2 \[75.2--91.2\]90.0 \[84.0--96.0\]55.2^\*^ \[31.6--78.8\]66.6 \[50.8--82.4\]94.3^\*\*^\[89.9--98.7\]Vaccines can prevent diseases.87.4 \[80.3--94.5\]88.4 \[80.9--96.0\]83.2 \[64.7--100.0\]85.7 \[73.2--98.3\]88.5 \[80.2--96.8\]The diseases prevented by vaccines are serious.77.0 \[67.8--86.2\]79.1 \[69.7--88.6\]68.2 \[42.9--93.6\]73.8 \[57.7--89.5\]79.3 \[68.3--90.3\]You are comfortable asking doctors or nurses about vaccination.99.1\[98.4--99.8\]99.2 \[98.4--100.0\]98.6 \[96.9--100.0\]98.9 \[97.8--99.9\]99.3 \[98.3--100.0\]A good lifestyle, such as eating a healthy diet, can eliminate the need for vaccination.43.4 \[33.8--53.0\]39.5 \[29.3--49.7\]59.4 \[38.2--80.5\]53.3 \[38.5--68.1\]36.8 \[25.4--48.2\]Relying on alternative medicine like chiropractic, homeopathy or naturopathy can eliminate the need for vaccination.20.9 \[13.7--28.2\]18.2 \[10.6--25.6\]32.3 \[12.0--52.6\]24.0 \[11.3--36.7\]18.9 \[10.5--27.3\]Today, children are given too many vaccines.37.7 \[28.3--47.1\]31.8 \[22.3--41.2\]62.1^\*^ \[41.3--82.8\]51.5 \[36.4--66.6\]28.4^\*^\[17.7--39.1\]You believe that vaccines run the risk of weakening the immune system.31.6 \[22.7--40.5\]25.9 \[17.4--34.3\]55.0^\*^ \[32.9--77.1\]43.7 \[28.5--59.0\]23.4^\*^\[14.2--32.7\]Generally speaking, you are fearful about vaccines.33.3 \[25.1--41.5\]31.9 \[22.8--41.0\]39.2 \[19.2--59.2\]46.6 \[32.0--61.2\]24.4^\*^ \[14.7--34.2\]Generally speaking, the people around you are in favour of vaccination.81.6 \[73.7--89.4\]85.7 \[78.7--92.7\]64.7 \[40.9--88.6\]73.7 \[58.8--88.5\]86.8 \[79.0--94.6\]It is important that you have your child vaccinated to protect him/her against diseases.90.3 \[83.6--97.1\]98.2 \[97.3--99.1\]58.0^\*^ \[34.0--82.0\]77.8 \[62.9--92.7\]98.7^\*\*^\[97.9--99.5\]It is important that you have your child vaccinated to prevent the spreading of diseases in your community.86.2 \[78.9--93.5\]94.5 \[90.8--98.3\]51.9^\*\*^ \[28.9--75.0\]71.3 \[56.0--86.7\]96.2^\*\*^\[94.0--98.3\]You have already felt pressure from people close to you or from society to have your child vaccinated.35.0 \[25.7--44.4\]28.2 \[18.7--37.7\]63.3^\*^ \[42.3--84.2\]65.5 \[52.3--78.7\]14.6^\*\*^\[6.4--22.9\]

Among the 218 vaccine-hesitant parents, the main reasons for having hesitated to vaccinate their child were collected in an open-ended question ([Table 3](#table3){ref-type="table"}). Fear of adverse events and low perceived vulnerability of the child or severity of the disease were the most frequent reasons mentioned by these vaccine-hesitant parents.

Table 3. Main reasons for having hesitated to vacinate their child among the 218 vaccine-hesitant parents (%)ReasonsnWeighted %Fear of adverse events6936.0Low perception of vulnerability/severity of the disease6030.3Doubts about vaccines3914.3Influence of information on vaccination197.0Mistrust in general74.5Preference for other modes of prevention92.8Lack of knowledge/information61.1Other94.2

Less than half of the 218 vaccine-hesitant parents (n=99), finally have accepted all vaccines when due and around 10% (n=27) have accepted all vaccines, but on a delayed schedule. More than one third of the vaccine-hesitant parents (n=87) have accepted some vaccines but refused others and a minority (n=5) have refused all vaccines. Among the 213 vaccine-hesitant parents who finally have accepted to give at least some vaccines to their child, 208 gave a reason for their decision. The main reasons reported were the protection of the child (n=92), having received a recommendation to vaccinate or more information about vaccination (n=26), trusting the recommendations (n=26) and social pressure to do so (n=15).

Results of the multivariate analyses are shown in [Table 4](#table4){ref-type="table"}. The modeled probabilities are for the non-UTD vaccine status of the children and the parents' vaccine hesitancy. After adjustments, three items were both associated with an incomplete vaccination status of the child and parent vaccine hesitancy : not thinking that it is important to have the child vaccinated to prevent the spreading of diseases in the community, not trusting the received vaccination information and having felt pressure to have the child vaccinated. Not thinking that it is important to have the child vaccinated to protect him/her against diseases and believing that children are given too many vaccines were associated with incomplete vaccination status of the child. The items "The diseases prevented by vaccines are serious" remained significantly negatively associated with both the non-UTD status of the child and presence of vaccine hesitancy. "Vaccines prevent diseases" was another item negatively associated with the child non-UTD status, while the item "You believe that vaccines run the risk of weakening the immune system") remained significantly negatively associated with vaccine hesitancy.

In multivariate analyses, the female respondent's sex was significantly associated with a self-reported incomplete vaccine status for the child (adjusted OR=4.4, \[95% CI: 1.9--10.0\]; p=0.0005) as well as the respondent's age of 45 years or over (adjusted OR=4.8, \[95% CI: 1.8--12.9\]; p=0.0018) and living in a household including 5 persons or more (adjusted OR=6.1, \[95% CI: 2,1--18.2\]; p=0.0011). No association was found for the parents' vaccine hesitancy.

Table 4. Regression analyses on the factors associated with non-UTD vaccine status of the child and parents\' vaccine hesitancy^1^ Taking into account other items in the model, and adjustments for the number of people in the household (continuous variable), education level, age (into 4 categories) and sex of the respondent.; \* p\<0.05; \*\* p\<0.01.Survey itemsNon-UTD vaccine status of the childParents\' vaccine hesitancyUnadjusted ORAdjusted OR \[95% CI\]Unadjusted OR^1^Adjusted OR^1^ \[95% CI\]You trust the vaccination information that you receive. (disagree)7.3^\*\*^3.3^\*\*^ \[1.3--8.5\]7.7^\*\*^8.8^\*\*^\[1.9--40.9\]Vaccines prevent diseases. (disagree)1.50.3^\*^\[0.1--0.9\]1.30.9 \[0.3--3.2\]The diseases prevented by vaccines are serious.(disagree)1.90.3^\*^ \[0.1--0.9\]1.20.3^\*^\[0.1--1.0\]You are comfortable asking doctors or nurses about vaccination. (disagree)1.90.3 \[0.1--1.6\]1.60.8 \[0.1--4.6\]A good lifestyle, such as eating a healthy diet, can eliminate the need for vaccination. (agree)2.21.3 \[0.5--3.3\]1.91.2 \[0.4--3.4\]Relying on alternative medicine like chiropractic, homeopathy or naturopathy can eliminate the need for vaccination. (agree)2.21.0 \[0.4-2.7\]1.40.5 \[0.2--1.5\]Today, children are given too many vaccines. (agree)3.5^\*^3.1^\*^\[1.1-8.9\]2.7^\*^3.1 \[0.9--10.3\]You believe that vaccines run the risk of weakening the immune system. (agree)3.5^\*^0.7 \[0.2--2.3\]2.6^\*^0.3^\*^ \[0.1--0.8\]Generally speaking, you are fearful about vaccines. (agree)1.40.5 \[0.2--1.2\]2.7^\*^1.5 \[0.6--3.8\]Generally speaking, the people around you are in favour of vaccination. (disagree)3.30.9 \[0.2--3.8\]2.70.8 \[0.2--3.1\]It is important that you have your child vaccinated to protect him/her against diseases. (disagree)38.1^\*\*^10.0^\*\*^\[2.7--37.7\]21.2^\*\*^3.6 \[0.5--24.4\]It is important that you have your child vaccinated to prevent the spreading of diseases in your community. (disagree)16.0^\*\*^7.6^\*\*^ \[2.5--22.8\]10.1^\*\*^4.5^\*^\[1.1--19.1\]You have already felt pressure from people close to you or from society to have your child vaccinated. (agree)4.4^\*\*^3.1^\*\*^ \[1.2--7.8\]11.1^\*\*^11.1^\*\*^ \[4.9--25.4\]

Discussion
==========

Vaccination remains one of the most important public health achievements worldwide. Despite the overall success of vaccination programs, it is often argued that public confidence in vaccines is decreasing.[@ref16] ^,^ [@ref17] ^,^ [@ref18] Even people who accept to be vaccinated or to have their child vaccinated can still have serious doubts and worries and be considered as vaccine-hesitant.[@ref19] ^,^ [@ref20] This latter group is an important target for vaccination promotion interventions as they are "at-risk" of stopping vaccinating, but are more receptive to public health's and healthcare providers' messages than outright refusers.[@ref21]

This study presents findings on the prevalence of vaccine hesitancy in a large and representative sample of parents in Quebec (Canada). Similar studies done in the United States have shown that around one third of parents could be considered as vaccine-hesitant.[@ref12] ^,^ [@ref18] Our study shows similar figures, with 40% of the parents saying that they have already hesitated to vaccinate their child. Although parents' self-report vaccine hesitancy, measured in a single question, is an imperfect proxy, it was used in a previous study and showed that 33% of the 938 surveyed parents were vaccine-hesitant and that hesitation can translate into behaviors that affect vaccine coverage (with at least one vaccine postponed in greater proportions among vaccine-hesitant parents).[@ref7] Due to the retrospective design of the study, we cannot rule out the fact that some parents may not recall their attitudes at the time of the vaccination decision. However, the statistically significant association between parents' report of hesitancy and their child vaccination status indicated that the two measures capture to some extent the complex nature of vaccine hesitancy.

Vaccine hesitancy among vaccine-hesitant parents was mostly associated with some vaccines: generated by the influenza, the varicella, the HPV and the rotavirus vaccines. Some of these vaccines might be perceived by parents as being against "mild" diseases, which could increase vaccine hesitancy compared to vaccines against diseases perceived as "serious" and life-threatening.[@ref22] ^,^ [@ref23] Research has also shown that new vaccines (such as the HPV and the rotavirus vaccines) are more prone to vaccine hesitancy than "older" vaccines. For instance, in a recent pan-Canadian survey, half of the parents were concerned that new vaccines are not as safe as older vaccines and one-third felt that children today receive too many vaccines, even if nine out of ten of these parents indicated their child's vaccination was UTD.[@ref24] The HPV vaccine has also been subject to some controversies in the media since the introduction of publicly funded program in Quebec in 2008, which could also partially explain the fact that this vaccine has generated more hesitancy.[@ref25] The decision to implement a publicly funded program for vaccination against HPV was strongly criticized in Quebec. Negative media coverage around the HPV vaccine safety and usefulness has been observed sporadically over the past few years. For instance, recently some social scientists were publicly asking for a moratorium on the program (<http://www.ledevoir.com/societe/sante/451710/vaccination-contre-les-vph-appel-urgent-a-un-moratoire>). It is also reassuring to note that the majority of the vaccine-hesitant parents finally have decided to accept to have their child vaccinated. Most of the vaccine-hesitant parents chose to vaccinate because of the desire to protect their child from vaccine-preventable diseases or because they had received a recommendation to vaccinate from their providers. The tremendous influence of healthcare providers' recommendations on vaccine acceptance is well-documented in the literature.[@ref26] ^,^ [@ref27] ^,^ [@ref28] ^,^ [@ref29] ^,^ [@ref30] ^,^ [@ref31] However, some of the vaccine-hesitant parents said they agreed to vaccinate because of feeling pressure to do so. This could be interpreted as a positive indication that the pro-vaccine social norm is effectively enhancing vaccine compliance in Quebec, but also as an indication that these parents are still vaccine-hesitant, despite having accepted the vaccines. The latter is the most likely option, as having felt pressure to vaccinate was also a statistically significant factor of incomplete vaccine status in multivariate analysis. Many studies have shown the important influence of social norms on parents' vaccination decisions[@ref32] ^,^ [@ref33] ^,^ [@ref34] ^,^ [@ref35] ^,^ [@ref36] and many studies have also indicated that even parents who accept to have their child vaccinated can still have important doubts and concerns.[@ref13] ^,^ [@ref24] ^,^ [@ref37]

Our study has also identified factors linked with vaccine hesitancy and vaccine delays or refusals. In addition to feeling pressure to vaccinate, the strongest factors associated with both incomplete vaccine status and parents' vaccine hesitancy were parents' perception of the usefulness of vaccines to protect their community against the spread of vaccine-preventable diseases and parents' belief that diseases prevented by vaccines are not serious. Similarly, believing that children are receiving too many vaccines was also a factor associated with incomplete vaccine status whereas believing that vaccines run the risk of weakening the immune system was associated with parental vaccine hesitancy. Another factor associated with an incomplete vaccine status was to not believing that vaccines prevent diseases. All of these factors are different measures of parents' perception of the utility of vaccination, which has been also identified as a determinant of vaccination decision in numerous studies.[@ref33] ^,^ [@ref34] ^,^ [@ref38] ^,^ [@ref39] ^,^ [@ref40] ^,^ [@ref41] ^,^ [@ref42]

Finally, another significant factor was a lack of trust in the information received about vaccination. While public health role is to ensure that the public is well-informed on vaccination, this finding highlights an important barrier when addressing vaccine hesitancy: the fact that some vaccine-hesitant parents might not trust the information about vaccination that they received from public health or their healthcare providers. An extensive review of the literature, has also highlighted that vaccine hesitancy in the public was not due to people being uninformed or misinformed, but rather because of multiple forms of distrust (of doctors, of government sources, of pharmaceutical companies).[@ref43] The authors of this review have concluded that, among a post-deferential public, the credibility of the institutions that deliver the information about vaccination seems to matter more than the information in itself, showing the complexity of factors impacting trust in vaccination. The theme of trust and mistrust of the pharmaceutical industry, governments, health authorities, doctors and research have also been highlighted in studies targeting healthcare workers.[@ref44] In our survey, we did not measure the level of trust in different sources of information about vaccination. Finally, some sociodemographic characteristics of the parents were associated with the incomplete vaccine status of the child (female sex, older age and number of people in the household (5 or more) but not with vaccine hesitancy.

Some limitations of our study must be addressed. The vaccine uptake status of the child was based on parental self-reported data and might therefore be subject to recall bias, which could result in over- or under-estimations of coverage. As Quebec has no central immunization registry, information on vaccination coverage can only be obtained through surveys. While another Quebec survey, based on a written questionnaire conducted every two years, uses the child vaccination booklet to determine the child vaccine status, we did not systematically ask the parent to refer to the child vaccination booklet in our telephone survey. The overall response rate for the study was low 35% and reason for non-participation was not asked. Finally, as mentioned, we cannot exclude the potential of socially desirable responses. However, the fact that the interviews were conducted by a professional polling firm should have minimized this bias.

To conclude, vaccine hesitancy is complex and multidimensional, varying across time, places and vaccines.[@ref9] As shown by this study, vaccine coverage could not be used as the sole indicator to measure vaccine hesitancy as it does not account for parents who have significant doubts and concerns about vaccines but still follow the recommended schedule. The number of factors influencing vaccine acceptance is dynamic and evolves over time. The use of diverse types of data and measurements approaches is thus needed to be able to capture this ever-moving target.[@ref45] There is an important need to build good measures that can identify and monitor patterns of vaccine hesitancy over time in individuals and populations. In that sense, identifying the vaccine-hesitant who still vaccinate and differentiating acceptance from access issues is essential.[@ref46] The findings of this study indicate that vaccine hesitancy is prevalent among parents in Quebec and provide some information that negative beliefs around usefulness of vaccination and lack of trust in the information received on this topic are factors that are associated with partial, delayed or non-vaccination. Further researches will be needed to better understand when, how and why these beliefs are formed in order to prevent the onset of vaccine hesitancy.
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